Cohorts of amyotrophic lateral sclerosis (ALS) patients and control individuals of Caucasian origin from the Central European Russia (Moscow city and region) were analysed for the presence of hexanucleotide repeat GGGGCC expansion within the first intron of the C9ORF72 gene. The presence of a large (>40) repeat expansion was found in 15% of familial ALS cases (3 out of 20 unrelated familial cases) and 2.5% of sporadic ALS cases (6 out of 238) but in none of control cases. These results suggest that the frequency of C9ORF72 hexanucleotide repeats expansions in the Central European Russian ALS patients is significantly lower than in Western European or Northern American ALS patients of Caucasian origin but higher than in Asian ALS patients.
Introduction
Hexanucleotide repeat GGGGCC expansion within the first intron of the C9ORF72 gene located on chromosome 9p21 is associated with ALS and FTD (DeJesus-Hernandez et al., 2011; Renton et al., 2011) . This is the most common genetic defect accounting for approximately 40% of all familial cases of ALS and 30% of all familial cases of FTD in European and North American populations as well as about 8 % of sporadic ALS in the same populations (Majounie et al., 2012) . Unaffected individuals commonly have less than 25 GGGGCC repeats in each of their C9ORF72 alleles and more than half of them have only two repeats (Rutherford et al., 2012) . The length of pathogenically expanded repeat loci is highly variable due to a wide range, from tens to thousands, of the repeat copy numbers detected in ALS/FTD patients. This might explain substantial phenotypic heterogeneity in patients with these expansions although exact correlations between the repeat lengths and such clinical characteristics of the disease as the onset, progression rate or prevailing symptoms have yet to be firmly established. (Byrne et al., 2012; Cooper-Knock et al., 2012; Cooper-Knock et al., 2014; Majounie et al., 2012; Simon-Sanchez et al., 2012) There is no consensus about the origin of this genetic modification with both a single founder Smith et al., 2012) and multiple events (Fratta et al., 2014) have been proposed. Geographical and population diversity of the repeat expansions in ALS and FTD is substantial. For example, the overall average frequency of expansions in Western European FTD patients was approximately 10%, however this figure was above 20% for Finland (~29%), Spain (~25%) and Sweden (~21%) but was under 5% for Germany (van der Zee et al., 2013) . The presence of the repeat expansions is extremely rare in studied Asian populations (Jang et al., 2013; Majounie et al., 2012; Ogaki et al., 2012; Soong et al., 2014; Tsai et al., 2012; Zou et al., 2013) . 
Material and methods

Patients
All ALS patients were of Caucasian origin from two specialized Moscow clinics that accept patients from the Moscow city and region. These patients did not exhibit symptoms of cognitive impairment.
Positive family history was registered in 21 patients from 20 unrelated families. A control group included age and sex matched Caucasians from the same region not diagnosed with any chronic diseases at the time of blood collection. All participating patients gave their informed consent, and the study was approved by the Local Ethics Committee of the Research Center of Neurology.
DNA analysis
Genomic DNA was extracted from blood samples using Wizard® Genomic DNA Purification Kit (Promega) according to manufacturer instructions. The presence of expanded GGGGCC hexanucleotide repeats in C9ORF72 was detected using amplified fragment length polymorphism (AFLP) analysis and repeat-primed polymerase chain reaction (PCR). AFLP analysis was performed using fluorescently-labeled primers as described previously (DeJesus-Hernandez et al., 2011) . Repeat primed PCR (Warner et al., 1996) was carried out according to previously published protocol for detection of the C9ORF72 hexanucleotide repeats (DeJesus-Hernandez et al., 2011) . Characteristic stutter amplification pattern on the electrophoregram was considered as an evidence of a pathogenic repeat expansion. Automated ABI Prism 3130 Genetic Analyzer (ABI) and GeneMapper software (version 4, ABI) for data analysis were used for both applications.
Southern hybridization analysis of genomic DNA digested with restriction endonucleases XbaI and
EcoRI was performed using 32 P-labelled pCh9.1 probe as described previously (Buchman et al., 2013) .
Results and Discussion
The AFLP analysis was carried out for 258 ALS cases and 223 age and sex matching individuals from the same geographical region. The samples appearing as "homozygous" in this assay were further analyzed using a repeat-primed PCR method to identify the presence of the expansion within one of the C9ORF72 alleles.
All 223 control subjects had 15 or less hexanucleotide repeats and in the ALS group 249 patients also had small number of repeats (≤16) in the C9ORF72 locus with the longest expansion. The repeat size distribution was similar in both groups and followed previously observed (Jones et al., 2013) trimodal pattern with preferred occurrence of 2, 5 and 8 repeats (Figure 1 ). The remaining 9 ALS patients (3.5% of all studied disease cases) displayed a repeat-primed PCR pattern consistent with the presence of a large (>40) repeat expansion in one of their C9ORF72 loci. In this group classified as C9ORF72-ALS the sex distribution, site of onset (see Table A .1), and the average age of onset (54 years) was similar to that in the ALS group without pathological repeat expansion in this locus (average age of onset 52 years). Exon sequencing did not reveal mutations in several known ALS associated genes in these patients, however a combination with mutations in other genes or certain risk haplotypes as a factors contributing to the development of the disease in patients with hexanucleotide repeat expansion cannot be excluded at the moment.
Three C9ORF72-ALS patients had documented family history (see Table A (Table A. 3), eight of them were the same as in socalled Finnish haplotype . SNP genotyping data for two other patients with family history also at least did not contradict this haplotype (data not shown).
Taken together, the hexanucleotide repeat expansion in the C9ORF72 locus is present in 15% of familial ALS cases (3 out of 20 unrelated familial cases) and 2.5% of sporadic ALS cases (6 out of 238) in the studied population.
In conclusion, we found that the frequency of C9ORF72 hexanucleotide repeats expansions in the Central European Russian ALS patients is significantly lower than in Western European or Northern American ALS patients of Caucasian origin but still higher than in Asian ALS patients where its rate is almost negligible. The impact of this genetic defect to familial ALS was also found to be lower than in other studied Caucasian populations. 
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